Adaptive response of carotid body chemoreceptors to CO2.
Carotid body chemoreceptor responses to sudden changes in pETCO2 (end-tidal tracheal CO2 partial pressure) and paCO2 (arterial CO2 partial pressure) from one stable state to another at a constant level of PETO2 (end-tidal tracheal O2 partial pressure) and paO2 (arterial O2 partial pressure) were studied in 18 anesthetized cats. Chemoreceptor activity was recorded from single or pauci-fiber filaments of a cut sinus nerve. During a hypercapnic stimulus by CO2 inhalation the discharge rate rapidly increased to a peak and then adapted to a lower level in 20-30 s showing an overshoot in the response. Likewise, withdrawal of the hypercapnic stimulus was followed by an undershoot in chemoreceptor activity. Hypoxia decreased the latency of the response and increased the overshoot and stable state responses to hypercapnia. The responses to step paCO2 increases by blood perfusion were qualitatively similar but the latency and time to peak amplitude were shorter and the peak amplitude was larger at any given perfusate pO2. The stable state responses to a given paCO2 achieved by CO2 inhalation or by blood perfusion were similar. The transient overshoot and undershoot in the activity produced by the increase and decrease in paCO2 were blocked by acetazolamide, a carbonic anhydrase inhibitor. The results are best explained by postulating that in the carotid body tissue, H+ is generated from CO2 in one compartment in the presence of carbonic anhydrase and is transported to another containing the receptor site in a pO2 dependent way--a high pO2 attenuating and a low pO2 augmenting it.